Background Reliable classification of postoperative complications is important for quality improvement efforts. In 2014, The Knee Society proposed a grading system for complications after TKA, but to our knowledge, a relationship between complication grades and surgical outcomes has not yet been established. Questions/purposes We attempted to determine (1) whether an association exists between complication grade and early adverse outcomes after TKA and THA, and (2) what proportion of the variability in complications could be associated with the classification grade (a metric of potential predictive value of the grading schema). Methods A total of 210 primary THAs and TKAs in 201 patients performed at one center from January 1, 2011 to December 31, 2011 were reviewed; of those, 188 patients (94%; 197 procedures) had complete 90-day postoperative data and were evaluated retrospectively for postoperative complications. We defined and graded complications according to the classification system proposed by Iorio et al. and The Knee Society. Early adverse outcomes assessed included length of hospital stay and unplanned readmissions or reoperations. A total of 254 complications were documented in 135 patients (137 procedures); 53 patients (60 procedures) had no complications. Bivariate analyses were conducted to identify associations between complication grade and early adverse outcomes and patient variables; analyses considered patient variables including age, sex, status as a state prisoner (yes or no), American Society of Anesthesiologists score, BMI, and procedure (TKA or THA). Multiple regression and logistic regression analyses were conducted to determine the association between complication grade and early adverse outcomes (length of stay [LOS] and unplanned readmission or reoperations) adjusted for confounding patient variables. Alpha was set at 0.05 for two-sided tests. Results Maximum complication grade (range, from 0-4) was associated with a longer LOS (for each point increase of maximum grade, LOS increased 0.105 ± 0.024 days, p \ 0.001) and more readmissions or reoperations (odds ratio [OR], 3.79; 95% CI, 1.91-7.54; p \ 0.001). Total grade (range, 0-22) also was associated with increased LOS (for each point increase of total grade, LOS increased 0.032 ± 0.006 days, p \ 0.001) and increased readmissions or reoperations (OR, 1.34; 95% CI, 1.18-1.53; p \ 0.001). Total grade could account for 38% of the variation in LOS and readmissions or reoperations (C-statistic = 0.94; 95% CI, 0.90-0.98); whereas maximum complication grade could account for 35% of the variation in LOS and readmissions or reoperations (C-statistic = 0.35; 95% CI, 0.88-0.96). Thus, we found total grade to be a slightly better predictor of LOS and readmissions or reoperations than maximum grade. Conclusions We found that the proposed grading system is applicable to TKA and THA in terms of documentation Each author certifies that he/she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research 1 editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved for the reporting of this investigation and that all investigations were conducted in conformity with ethical principles of research.
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Introduction
Quality assessment has become an integral part of modern healthcare. For example, introduction of large databases such as the National Surgical Quality Improvement Program (ACS NSQIP 1 ) has provided an accurate, standardized, and reproducible method for recording surgical outcomes, essential for healthcare professionals, quality care entities, and others [8, 11] . Postoperative complications usually are reported in the surgical literature and constitute the most frequently used surrogate marker of quality in surgery [1, 4, 5, [8] [9] [10] . However, as reported by Sink et al. [23] , there is ''no universal definition, grading system, or classification for the magnitude of orthopaedic complications.'' Because total joint arthroplasty is a highly used and costly procedure with substantial potential for complications, it is a focus of attention for policy makers, insurers, and providers. In 2014, The Knee Society created a complication classification scheme, based on the Clavien-Dindo Surgical Complication Classification System [13] . The Clavien-Dindo classification system initially was developed and validated for general surgery procedures [3-9, 14-22, 24, 25] . Although The Knee Society endorsed this modified classification system for improved standardization of reporting complications after knee replacement, they did not establish a relationship between the system's complication grades and surgical functional or economic outcomes.
We therefore sought to determine (1) whether an association exists between complication grade and early adverse outcomes after TKA and THA, and (2) what proportion of the variability in complications could be associated with the classification grade (a metric of the potential predictive value of the grading schema).
Patients and Methods
A total of 210 primary THAs and TKAs performed in 201 patients were reviewed at one center for January 1, 2011 to December 31, 2011; of those, complete 90-day postoperative data were available for 188 patients (197 procedures; 94%) and were evaluated retrospectively. Exclusion criteria included revision arthroplasty and less than 90 days of patient-care followup data. Thirteen patients (13 procedures) were excluded owing to incomplete 90-day postoperative followup data. Thus, 188 patients with 197 primary total joint arthroplasties (108 knees and 89 hips) were reviewed for postoperative complications. Nine patients underwent bilateral arthroplasties during the collection period (five TKAs, four THAs).
Patient-care data collected included patient demographics-age and BMI at the time of surgery, sex, date of admission, date of discharge, type of procedure, status as a state prisoner (yes or no); and the American Society of Anesthesiologists (ASA) Physical Status classification.
Complications were determined by medical records review. We defined and identified complications according to the method of The Knee Society [12] , which, by review of literature and expert consensus, developed a list of complications germane to TKAs which they recommended be included in complication reporting. Complications were graded according to the method of Iorio et al. [13] which stratifies complications according to treatment rendered ( Table 1 ). We used The Knee Society complication list and the grading system of Iorio et al. without further modification to patients who underwent either TKA or THA. Complications were documented and graded for each patient by one author (DYH). None of the included patients could have simultaneous TKA and THA performed during the same hospital admission. If a patient underwent bilateral TKAs or THAs within 90 days of the index procedure, each procedure was documented as a separate procedure.
Primary outcomes evaluated for our study were length of stay (LOS) and unplanned readmissions or reoperations within 90 days of surgery. Bivariate analyses were conducted to identify associations between complication grade and early adverse outcomes (LOS and readmission or reoperation rates) and patient variables (sex, age, BMI, ASA score, status as a state prisoner). Chi-square test and ANOVA were used for categorical and continuous variables, respectively.
To quantify the magnitude of complication grade in patients with multiple complications, we introduced the concepts of total complication grade and maximum complication grade. Total complication grade is defined as the total combined sum of all complications. Maximum complication grade is defined as the highest graded complication noted. Multiple regression and logistic regression analyses subsequently were conducted to determine the association between total and maximum complication grades and LOS and 90-day readmissions or reoperations after adjusting for sex, age, BMI, ASA score, status as a state prisoner, and TKA or THA. Patient age and BMI were categorized in the analyses. All tests were twosided with an alpha of 0.05.
A total of 254 complications in 135 patients who underwent 137 TKAs and THAs were documented. The remaining 60 procedures (30.5%) in 53 patients were associated with no postoperative complications.
Mean patient age was 58.5 ± 13.5 years (range, 22-94 years). The study cohort consisted of 108 men (55%) and 89 women (45%). Men had 45% (n = 49) of the TKAs and 66% (n = 59) of the THAs. The mean patient BMI was 31.1 ± 6.3 kg/m 2 (range, 17-50 kg/m 2 ), and mean ASA score was 2.34 ± 0.74 (range, 1-3). The average LOS was 4.80 ± 2.78 days (range, 2-30 days) ( Table 2 ). 
Results
Maximum complication grade (range, 0-4) was associated with a longer LOS (for each point increase of maximum grade, LOS increased 0.105 ± 0.024 days, p \ 0.001) and more readmissions or reoperations (odds ratio [OR], 3.79; 95% CI, 1.91-7.54; p \ 0.001). Total grade (range, 0-22) also was associated with increased LOS (for each point increase of total grade, LOS increased 0.032 ± 0.006 days, p \ 0.001) and increased readmissions or reoperations (OR, 1.34; 95% CI, 1.18-1.53; p \ 0.001) ( Table 3 ). In the regression model, total grade accounted for 38% of the variation in LOS and readmissions or reoperations, and maximum complication grade accounted for 35% of the variation in LOS and readmissions or reoperations. Further logistical regression analysis to delineate which was the better predictor of increased LOS and readmissions or reoperations showed that total complication grade (C-statistics = 0.94; 95% CI, 0.90-0.98) was a better predictor of increased LOS and readmissions or reoperations than maximum complication grade (C-statistics = 0.35; 95% CI, 0.88-0.96) ( Table 4 ). (A C-statistical value of 1 indicates that a variable or model perfectly predicts the outcomes.) Patient sex, age, and BMI had no effect on either maximum complication grade (Table 5 ) or total complication grade ( Table 6 ).
Discussion
Establishing a universal, standardized method for documenting and reporting medical complications is an integral part of assessing and improving healthcare [2, [9] [10] [11] . The Knee Society, in an effort to standardize complications reporting in orthopaedic surgery, developed a taskforce that identified and defined what they described as 22 ''minimum necessary TKA complications'' needed for accurate reporting of outcomes after knee replacement [12] . Subsequently, these complications were stratified by severity using a modification of the Clavien-Dindo surgical complication classification system, which has been widely adopted for use in general surgery and surgical subspecialties [3-9, 13-22, 24, 25] . To date, however, there have been no studies correlating the grade of orthopaedic complications and surgical outcomes. We sought to determine (1) whether an association exists between complication grade and length of stay and unplanned readmissions or reoperations and (2) what proportion of the variability in complications could be associated with the classification grade to establish this complication grading systems as a metric of quality and not merely a descriptive schema.
Our study has several limitations. The first, and perhaps most important, was the lack of a standardized definition of postoperative complications in orthopaedic surgery, apart from the list of postoperative complications devised by the workgroup of The Knee Society. During our study, The Knee Society's list of potential postoperative complications was readily accepted and could be easily expanded to hip arthroplasty. A more refined threshold for declaring unintended events as complications, possibly led by other specialty workgroups, would certainly clarify and enhance future complications reporting in the orthopaedic literature. A second limitation is our study is retrospective and consisted of a small number of patients from one center. Some patients, including those with incomplete data for review, may have sought care for postoperative complications at an outside medical facility, and therefore those complications may not have been documented in our records. Third, our study population, which included a unique subpopulation of correctional facility inmates (36%), may limit the applicability of our findings. However, for the intended purposes of this study, population diversity should not substantially affect our ability to classify postoperative complications. Fourth, although complication outcomes can be assessed in multiple ways, this study analyzed LOS and early readmissions or reoperations. LOS and unplanned readmissions or reoperations are tracked in pay for performance models and by institutions as a surrogate marker of quality. Our facility's discharge practices after primary arthroplasties are based on patients' meeting physical therapy goals and no longer requiring acute level care. This standard is for department of correction patients and private patients. Thus, although the exact number of LOS and readmissions or reoperations may not be the same at other facilities, we would expect that increased total and maximum complication grade would be associated with increased length of stay and unplanned readmissions or reoperations if the study were to be repeated at other institutions. Because our study was limited to TKAs and THAs, the modified classification system would have to be applied to a greater variety of musculoskeletal procedures before its efficacy across all aspects of orthopaedic surgery can be established. Finally, we introduced a mathematical concept of total complication and maximum complication grade to better evaluate the effect of the occurrence of multiple complications after one procedure.
To our knowledge, our study is the first to attempt to correlate complication grade, as determined by the modified Clavien-Dindo surgical system proposed by Iorio et al. [13] , with orthopaedic surgical outcomes. LOS and readmission rates are widely used by quality care entities to assist in assessing outcomes, not only for institutions but also for surgeons, and therefore we chose to examine those outcomes. Given the multitude of complications that can be associated with a single surgical procedure, we introduced the concept of analyzing adverse outcomes in terms of maximum and total complication grades. We found the maximum and total complication grades of complications to be associated with increased LOS and readmissions or reoperations. Our findings are similar to those reported by Dindo and Clavien [9] when they used their classification system to assess elective general surgery procedures. In their study, only the highest grade of complication was documented in patients with multiple complications. Nonetheless, they also determined that surgery complexity and LOS strongly correlated with increasing grade [9] . In our study, total complication grade was a better predictor of LOS than maximum complication grade, and this finding suggests that multiple complications of a lesser grade can be just as important as one higher-grade complication in terms of effect on outcomes. Although there are other modalities one can use to anticipate postoperative complications such as ASA score and the Charlson comorbidity index, the current classification system we used provides a standardized reproducible way of grading complications once they have occurred, which is essential for complication reporting in the orthopaedic literature. The Knee Society grading systems provides a standardized, reproducible method of grading and reporting complications. As our study shows, beyond being merely descriptive, it is a predictor of quality regarding LOS and unplanned readmissions or reoperations.
We found that the modified Clavien-Dindo surgical classification system [13] is applicable to TKA and THA in terms of documentation of complication severity and as an indicator of early adverse outcomes with respect to LOS and readmissions or reoperations. Future studies using preestablished complications for various orthopaedic procedures in a larger number of patients are needed to show the general applicability of the modified Clavien-Dindo surgical classification system for orthopaedic surgical procedures. 
